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Evidence for the two pole structure of the A(1405) resonance 
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The K~p —> 7r°7r°E° reaction is studied within a chiral unitary model. The distribution of 7r°E° 
states forming the A(1405) shows, in agreement with a recent experiment, a peak at 1420 MeV and 
a relatively narrow width of T = 38 MeV. The mechanism for the reaction is largely dominated by 
the emission of a 7r° prior to the K~p interaction leading to the A(1405). This ensures the coupling 
of the A(1405) to the K~p channel, thus maximizing the contribution of the second state found in 
chiral unitary theories, which is narrow and of higher energy than the nominal A(1405). This is 
unlike the Tr~p reaction, which gives more weight to the pole at lower energy and with 

a larger width. The data of these two experiments, together with the present theoretical analysis, 
provides a firm evidence of the two pole structure of the A(1405). 
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The history of the A(1405) as a dynamical resonance 
generated from the interaction of meson baryon compo¬ 
nents in coupled channels is long Q, but it has experi¬ 
enced a boost within the context of unita^ extensions 
of chiral perturbation theory (f/yPT) 0) S El S S 0: 
where the lowest order chiral Lagrangian and unitarity 
in coupled channels generates the A(1405) and leads to 
good agreement with the K~p reactions. The surprise, 
however, came with the realization that there are two 
poles in the neighborhood of the A(1405) both contribut- 
in^o the final experimental invariant mass distribution 
HHE 0 IE 0 ^ • The properties of these two states 
are quite different, one has a mass around 1390 MeV, 
a large width of about 130 MeV and couples mostly to 
ttE, while the second one has a mass around 1425 MeV, 
a narrow width of about 30 MeV and couples mostly to 
KN. The two states are populated with different weights 
in different reactions and, hence, their superposition can 
lead to different distribution shapes. Since the A(1405) 
resonance is always seen from the invariant mass of its 
only strong decay channel, the ttE, hopes to see the sec¬ 
ond pole are tied to having a reaction where the A(1405) 
is formed from the KN channel. In this sense a cal¬ 
culation of the K~p 7A(1405) reaction m , prior 
to the knowledge of the existence of the two A(1405) 
poles, showed a narrow structure at about 1420 MeV. 
With the present perspective this is clearly interpreted 
as the reaction proceeding through the emission of the 
photon followed by the generation of the resonance from 
K~p, thus receiving a large contribution from the second 
narrower state at higher energy. The same idea is used 
in the reaction yp ^ Ar*A(1405) which proceeds 
via K-meson exchange and is now under investigation 
at SpringS/Osaka [l^. Luckily, the recently measured 
reaction K~p —>■ allows us to test already 

the two-pole nature of the A(1405). This process shows 
a strong similarity with the reaction K~p 7A(1405), 


where the photon is replaced by a 7r°. 
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FIG. 1: Nucleon pole term for the K p ^ reaction. 

Our model for the reaction K~p —> in the 

energy re gion of px- = 514 to 750 MeV/c, as in the ex¬ 
periment |l5| , considers those mechanisms in which a 7r° 
loses the necessary energy to allow the remaining 7r°E° 
pair to be on top of the A(1405) resonance. The first of 
such mechanisms is given by the diagram of Fig. ^ In 
addition, analogy with the tt~p —> reaction, where 

the ttE is also produced in the A(1405) region, demands 
that one also considers the mechanisms of Fig. [3 Indeed, 
the analogous diagrams replacing {K~,-k^) by (tt", Ar°) 
were evaluated in Ref. M giving a sizable contribution 
to the cross section. One of the technical findings of 
Ref. is that the diagram of Fig.l^b canceled exactly 
the off-shell part of the meson meson amplitude in Fig|3i, 
which therefore requires to be evaluated with the meson 
meson amplitude writen on shell. We should also note 
that the equivalent diagram of Fig. ^ in the case of the 
Tr~p —> K^ttY reaction is strongly reduced since the emis¬ 
sion of a requires an intermediate hyperon (A,E) state 
very far off shell. This is not the case in the present re¬ 
action where the intermediate proton is only moderately 
off shell. 



The amplitude for the Feynman diagram of Fig.|3; is 
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FIG. 2: Diagrams for the K~p —> reaction: a) K-pole 

term; b) MMMBB diagram - canceled by the off-shell part of 
a) diagram; c) one loop contribution. 


given by 


—it = 


dS 

i2ny 




Mb 


{q + q' - k)'^ - + ieq^ - M^, + ie Eb (q) 


pio — qO — EB^q) + ie 


—CpBmM{q'+q—k) {—itm' ) 


( 1 ) 

where » 7 r 0 m' refers to the meson meson amplitude, 

which we take from the lowest order chiral lagrangian 
Ea , the are the meson baryon amplitudes 

taken from the model of Ref. Q, and the coefficients 
CpBm' are obtained from the D^F terms of the meson 
baryon lagrangian m m at lowest order. We take 
D + F = 1.26 and D — F = 0.33. There are the following 
eight meson meson baryon {mm'B) intermediate states: 
RT+ttOEO, K+tt^A, TT°K-p, K°Tr-F+, ir+K^n, K+r]E°, 
riK~p. We note that the t_R--m^ 7 r 0 m' amplitude 
is largely dominated by the s-wave and that the linear 
terms in q are further reduced in the loop due to the s- 
wave character of the tm'B^TrOso amplitude. Hence, one 


can factorize the on shell amplitude outside 

the integral in Eq. o and perform the integration 
analytically. The im's^n-oso amplitude depends on the 
(7r°S°) invariant mass, Alj = {qf +pt:)‘^, and also fac¬ 
torizes outside the integral. 


Altogether the amplitude for the process K~p 
7r°7r°E°, considering the diagram of Fig. Q] with a pseu¬ 
dovector ttNN coupling (and keeping up to l/M^ terms) 
and those of Figs.E^ andEt, is given by: 

-Uk-p^^o^o^o = -it(K-pole) _^^iloop) ^ ( 2 ) 


with 

_-^(Ar-pole) ^ D + F . 

Mn 


2 / 


9'(1 


q' 


0 / 


.,0 / 


2Mpf Mpf 


EN{k + q') EN{k) - - Enik + q') 


tR- 


p—^7T 


>eo(3) 




1 

472 

D-F 


-^{2Ml + 2q'qf) 


2 / 


'(k -q' - 


1 

{k-q'- qff 
qf) > 


Ml 

( 4 ) 


8 

_ j^(ioop) _ M) ^U) 

/ ^ K ~ 771—^77^171' pBm V ^ / m'B —»^7r^2]^ 

i=i 

xI{k,q',Mi,M^,Ml„Ml) , (5) 

where I{k,q', Mi, M^, Mi,, M-'^) is the result of the 
integral in Eq. m, which in the reference frame where 
P' = 0 (see Fig. E):) is given by: 


I{k, q', Mi, Mm, Mm', Mb) = J 


d?q 1 Mb 
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with OJ = \J {Mm)"'’ + {q + q' — ky and oj' = 

{Mm')"^ + q"^- The coefficients CpBm' and the meson 
meson amplitudes tK-m^Ti-Om' for the allowed {mm'B) 
channels are displayed in Tabled 


The indistinguishability of the two emitted pions re¬ 
quires the implementation of symmetrization. This is 


achieved by summing two amplitudes evaluated with the 
two pion momenta exchanged, qf <-> q', except for the 
diagram of Fig.Et which is already symmetrized. In ad¬ 
dition, a factor of 1/2 for indistinguishable particles is 
also included in the total cross section. 

Our calculations show that the process is largely dom¬ 
inated by the nucleon pole term shown in Fig. ^ As 
a consequence, the A(1405) thus obtained comes mainly 
from the K~p —>• 7r°S° amplitude which, as mentioned 

























TABLE I: The tx- amplitudes and CpBm' coefficients for the allowed (mm'B) channels (see Eq. |3). Here q^g = 
TETi • 
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FIG. 4: Theoretical invariant mass distribution for an 

initial kaon lab momenta of 687 MeV. The non-symmetrized 
distribution also contains the factor 1 /2 in the cross section. 

above, gives the largest possible weight to the second 
(narrower) state. 


In Fig. 13 our results for the invariant mass distribu¬ 
tion for three different energies of the incoming K~ are 
compared to the experimental data. Symmetrization of 
the amplitudes produces a sizable amount of background. 
At a kaon laboratory momentum of pk = 581 MeV/c 
this background distorts the A(1405) shape producing 
cross section in the lower part of Mj, while at pK = 714 



FIG. 5: Two experimental shapes of A(1405) resonance. See 
text for more details. 

MeV/c the strength of this background is shifted toward 
the higher Mj region. An ideal situation is found for 
momenta around 687 MeV/c, where the background sits 
below the A(1405) peak distorting its shape minimally. 
The peak of the resonance shows up at Mf = 2.02 GeV^ 
which corresponds to Mj = 1420 MeV, larger than the 
nominal A(1405), and in agreement with the predictions 
of Ref. [3 for the location of the peak when the pro¬ 
cess is dominated by the amplitude. The ap¬ 

parent width from experiment is about 40 — 45 MeV, 
but a precise determination would require to remove the 
background mostly coming from the “wrong” cou- 
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pies due to the indistinguishability of the two pions. A 
theoretical analysis permits extracting the pure resonant 
part by not symmetrizing the amplitude. This is plotted 
in Fig. 0as a function of Mj. The width of the resonant 
part is r = 38 MeV, which is smaller than the nominal 
A(1405) width of 50 ± 2 MeV obtained from the 
average of several experiments, and much narrower than 
the apparent width of about 60 MeV that one sees in the 
TT~p —> K^tt'E experiment |2l| . which also produces a dis¬ 
tribution peaked at 1395 MeV. In order to illustrate the 
difference between the A(1405) resonance seen in this lat¬ 
ter reaction and in the present one, the two experimental 
distributions are compared in Fig. 0 We recall that the 
shape of the A(1405) in the tt~p AT^ttS reaction was 
shown in Ref. to be largely built from the ttE ^ ttE 
amplitude, which is dominated by the wider lower energy 
state. 



K momentum, MeV 

FIG. 6: Total cross section for the reaction K~p —> 
Experimental data are taken from Ref. M- 

The invariant mass distributions shown here are not 
normalized, as in experiment. But we can also compare 


our absolute values of the total cross sections with those 
in Ref. M- As shown in Fig. n our results are in excel¬ 
lent agreement with the data, in particular for the three 
kaon momentum values whose corresponding invariant 
mass distributions have been displayed in Fig. |21 

In summary, we have shown, by means of a realis¬ 
tic model, that the K~p —> reaction is partic¬ 

ularly suited to study the features of the second pole 
of the A(1405) resonance, since it is largely dominated 
by a mechanism in which a 7r° is emitted prior to the 
K~p 7r*^E° amplitude, which is the one giving the 
largest weight to the second narrower state at higher en- 
rgy. Our model has proved to be accurate in reproduc¬ 
ing both the invariant mass distributions and integrated 
cross sections seen in a recent experiment M The study 
of the present reaction, complemental to the one of Ref. 
[T^ for the Tr~p AT^ttE reaction, has shown that the 
quite different shapes of the A(1405) resonance seen in 
these experiments can be interpreted in favour of the ex¬ 
istence of two poles with the coresponding states hav¬ 
ing the characteristics predicted by the chiral theoreti¬ 
cal calculations. Besides demonstrating once more the 
great predictive power of the chiral unitary theories, this 
combined study of the two reactions gives the first clear 
evidence of the two-pole nature of the A(1405). 
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